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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous 
secondary battery that has superior load characteristics 
and high capacity and is superior in durability against 
charge and discharge cycle. 

SOLUTION: This is a non-aqueous secondary battery 
comprising a positive electrode, a negative electrode, 
and a non-aqueous electrolyte, in which the active 
material of the positive electrode contains a plurality of 
lithium complex oxide particles containing Ni and Mn, 
cobalt complex oxide particles are adhered to the 
surface of the lithium complex oxide particles, and the 
plural lithium complex oxide particles are connected 
integrally by the cobalt complex oxide particles and form 
composite particles. 
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^^©^{b^llSI-fSfcioiai, L iMn0 2 {C*f 
L, L i *m\l^tsmj&t LTM n O^ffi^^t 
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[0 0 4 0] £fc, L i ©ft&ftl: LTtt* «*©'J^ 

amy?-* a* smvf-vjx. mrnvrv 
yyfcVf-vi* a^fby^A, w;^a, 

itv *v a • -*jfw&a<#$ l < ffl^ e> n& 0 

[00 4 1] ±ffiN ift£fMn**j87G*i:LT£fc{l: 
^ftt, Co^^jc^iiLT^tyfb-a-^i:, L i ©{b 40 

mn&T\ 3^17 0 0—1 1 0 0 t CT'l~2 4t$WjR0Lt 

[0042] ±mimiz&rc-DT<DisQmmt lt«, 
.fcofefi^jaa (&2 5 o~8 5 or) z-emmu % 



^2 0 0 3-2 2 9 1 2 8 
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a, Li Ofb^ftl N i RXSM n *«|j*t£* t L T^€? 

tt, L i ©fb^tlfcN i RXfMn ZMtifamt LTiStS 
ic ck o T« L It 'J A W£^bto*fcfc&Sttr©KfS 

Tftt&^tf, jilir, 0. 5~3 0BfH8ir?fT*.lfJ: 

[0043] sfe, mmm-efltBZtittitrzxnT'ii. st; 
sa^*tifca^***os8Effl^Tfej:i^ statu 

SS#-/l/5;P&2T3 0~6 0#WSjeB*U dti 

[0 0 4 4] ±IBi&0^a©IIHMi: LTti, 
ty»H**, W*tf, Smf^ 7;i/=r>> ^y^A, 

a, fttWfzf io~ioo %fc-r^> c li\ 

[0 0 4 5] ±l2^7.©iSt»i: LT(i, Mffiii^J l 0 

o g afc o i d m 3 /^euit-rs©*^* l< , 1 - 

5 dm 3 J: D ff* LV\ 

Mn.Os^L i«Mn03&if©^««Ai^L^ , r<a 

So 

[0 0 4 6] «±©IESigto»iWfc LT, 
*z^WKfitt» 0>J* WT© J: 9 LTf^S-T S c fc*^ 

[0047] jEmn. mEEmsfoKtc. mttm. m 

-yx^*H©/w^-*4n*Tfi^u fc&nfciE 
a^jw«aa©¥gre«»r * c 1 1 * o rf^s^n 

[oo4 8] ±.miEMtttfaz-£%n.m<D%i®mti,T 
it. aura, u^Axttu^^^rfk^fc^ffl^s 
ns. ^©y^A^ft&q^LTtt, li-ai-& 

^ Li-Pb^l Li-In^, Li-Ga^ 
^if©U^^A^#^ Si, Sn, Mg-S i 
Hoyf-^Afc^^lR-Pt^TaiSXtt*©^^* 

tfe»nSo Mtc sn^fb^, s \mwhtzz<m\m 
[0049] m\t. ±m$L®mvamc mttm, ± 



[0 0 5 0] ±I2IE*I J ?>IHl£«3M8i: J£@ 

sm^msmmuz met s t>\ -m&m^m&m 

***©fl&©ag©}88.fcJ:»)^-X httfcVLX^y 
-ttfc»Bfl:U *ft^ft©88B*ill*f*i:LT©fftB 

■et^o 10 

[0 0 5 1] HZT\ MMfct LT©fM3£3&fc5gtt 

x a3ft£©&Jl©l& rtvf-yy**fa x.*xAy 
[0052] *»w©^7fcr^«fitefetts^7k«<KH 

[0 0 5 3] *©WS»tfc3Wi#y V-«H«Cd* 
ft**rtKffl»M*fcl^SftSfc©Ttt*^ HMIf 

i/\ ^©i: 5 §i«xxf;I/i: LTl±> 09*tf, 

;l/*-^-h (DMC) , ^X^;l/#-#*- V (D 
EC) % xf-;l/^^;l/*-^^-h (EMC) , K&X 
(EA), 7nifa^f;l/ (MP) *H©«K 

oc oo-g^f t5ti»W5n5„ ens 

5 c i: *WS b < , «ttxxf;l/*^«»«*© 6 5 

[0054] fc/cu, ^mmmt ltiz, 
r;i/©*T^fig-r5«fc0fe, *»s«©iqLh*Bi*fci& 
fc» ±fBigtfxxr;wc§§a^cDiS^xxx;u (g§*$ 
3 0 W±©xx-r;W LTffl^S c i: fftiflz L 
V\ fufB§§^©i^xXx;l/©Mf*0yfcL-n;iu Px. 40 
tf, xfUy*-^-h (EC) \ -fn\Lvyfi-ifs 
*-h (PC) , 7>l^#-Jj?*-h (BC) , 
Uyt>-XZ-h (VC) , y-fi-u^^vy (y- 
BL) , xfl/>^ij3-;W77^ h (EGS) * 
i?*W5ft, ^fcx^b^-tf^-K ynb?L/> 
*-#*-hftif©«l««|Jfi©tOA^*Ut\ *©£ 
a 48§«*©Kv k xx-r;l/tt* JK*§»©^5>^ £W 

flfisatftfei^T i o#m%nt±. 2 o(««%«± 

$W*nsc U\ a*S«Ftti:©PiA© 

40«fi«%«T3V»SL<, 25««%«T 50 
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[0 0 5 5] i/i, ±S2B«*©»^xXT;l/«flfcflf 

mm&m&tLTte, m«> i, 

*y(l, 2-DME) % 1, 3-mV7> (1, 

3- DO) , fh7HKn77> (THF) , 2-** 
fh7t (2 -Me -THF) , 3>xf- 

;l/x— r/V (DEE) ££jbW5ft£ 0 *©B*>\ 7 

[0 0 5 6] ^jgiitc^^^SWMHi: LTti, #1 

LiClOn LiPFev LiBF*, Li As 
F 6 , LiSbF 6N LiCFsSOs, L i C* F» S 
Os, LiCFsCOz, Li 2 C 2 F4 (S0 3 ) 2 , LiN 

(CF3S0 2 ) 2> LiC (CFsSOi)j, LiC„F 
M SO3 (n^2) &£tfWCXtt2»£U:iB£L« 

Testis. fi»a^aww$tt*^6nsL 

i PFe-^L i C< F 9 SOjftHtfjfrStXfflV^nS. 
*^^{c43^§«^©i§Jftt, ftfcKJtSftSfc© 
"Cttfcl^ 0. 3~1. 7mol/dra\#t0. 

4- 1. 5mo l/dm 3 mmtttt}£Li\ 

[0 0 5 7] Sfc, WftOSfi^tt^lMlWtt*^** 

5 fcfcfc, #*^&£^§8!®nJW*^£-eT fe <fc 

[0 0 5 8] ■fe^U-^i: LTti\ 3ftfi*^T?t^t> 

1 0~5 0/im<D/?£T% B3?L^3 0~7 0%<D 
XV7u\£l<yM. #«Jxf-U>«, ^ntfpyfcx^ 

[0 0 5 9] 

/cL, *»Wtt^ti&©H««!I©*tlB^StiSt>©-p 

[0060] c^ssmi 1 ) asssrt fcTkiWb-f h u •> 
i»©aaraKj:DpH*t?ii 2tc»SLfe2fl«%©7> 

M-v'niRZMn-vytfyitZftZtt 1 mo 1 / dm 

3 -fo^-r§®^7)<}§^4 6 c m V#©«U£T\ S 
t/2 5»»%tD7y ; ex7'7j<?r3. 3 c m V#©fiJ-& 
■p*n^ft^«*>7**fflV>T»rFL., N i £Mn£>£ 
ttffc^»*StJ«*-&feo C©fc#, S*Stt©ffl«tt 5 0 
•Ct«J$U S*S«©pH35«5l 2MJfiKlt^S 

tlScfcofc, 3. 2mo l/"dm 3 (DliS©7j<^fk^h 

SlS»©»HSW^?Stt»B!S[fcftSJ:3fc:, ^t^X 

1 d m 3 / /^<Df"J-&Tv ^- i>* L fc e 
[006 1] »5ftfcffeJ«»**ifc JtiiSt;^ji? 



tf, Ni^Mn^i : i <on^x^Mt^ammt 

U CO*IMb»0. 0 3mol£, 0. 07mol<D 
zkBftra/Whi:, o. 1 mo 1 <DL i OH • H* Ot 

«tim »SS!tf-/U5;1/TM 0#IHIH*U 
■PiaiS*TS^%H«tfco #cVT, *©fifc»* 

T8 0 OtSTM&U ^coSST^^^LT^fil 
JPJ»*ffV\ MtC 1 0 0 0^C{C#fiLT 1 ZBflHM&fcr 
SCfcfc<tD*^IMk»*^Lfco ^JSLfclWbft 10 

fc 0 

[0 0 6 2] ±E«ffc»©«M*fcOV>T, is?«yt^#f 
«BTfi«*SISLfcfcC5, NU Mn^O'CoO 
flt?Jt«\ ¥*SI/T0. 3 3:0. 3 3:1. 5 4T& 

co 0 6 3] 0feKM2) mmi tvmtcL?&t&L 

fcNi£Mn£l : 1 ©W^-p^-f STfcftfbfclO. 0 

3 5mo li:, 0. 0 6 5mo 1 <Dzk&fb=i7Vl/h 

0. lmo 1(0 L i OH • ftOt^lU «~F*SS 20 
Ml fcH&fcl/TN i, MnfcitfC o<Dim£2>\ ¥ 
i^LTO. 33:0. 3 3:1. 2 3T»*5JS£»ftflftr 

[006 4] (^S6®l 3 ) ^Sf§®l 1 t IWHitC LTpfiE L 

fcNitMn^i : i0*j£-e^-r*zMftfb»o. 0 

4molt, 0. 0 6rao 1 cDzk^fkn/Vl/ht, 0. 

lmo 1©L i OH • HiOfc*ft»U WT*6ftffil 1 
^HltUNi, MnMtfCoOSW, ¥i3L 
TO. 3 3:0. 33:0. 9 9T*fcS8£IMb»*'& 
fiScL/io 30 

[006 5] (^S§0H) ^fife^l £fmKL"C&t8.L 
fcNitMn^l : 1 O#J^-p*Wr*7k»fb»0. 0 

4 5raolt 0. 0 5 5mo 1 ©zkiKtn/Wh £ N 
0. lmo 1<DL i OH • H 2 0££?P*U WTUSS 
091 tmmcLZN K Mn45«ktfC o<DJgmt#> ¥ 
i^LTO. 33:0. 3 3:0. 8 1 T£3}t£-&{b$l 

[006 6] (^jfeff!l5) £M8l tra«KUT^L 
feNitMn^l : 1 OSI^-p^WrSTkUfb^O. 0 
5raolt, 0. 0 5mo 1 OTkUfka/^Ph 0. 40 
lmo 1<DL i OH • HtOfc*ff*U WT^GSHW 1 
fcTOcLTNi, Mn^tfC o<om?itt>\ ¥i$L 
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TO. 3 3:0. 3 3:0. 6 6T?*3tl£»fbftl*'& 

[006 7] OttftM 1 ) %6fi09 1 1 mUic LT£$ L 
fcNi£Mn£l : 1 O*J-&-e^^TS*ilfb%0. 0 
6molh, 0. 0 4mo 1 ©*Kfb3/*/l/hi:* 0. 
lmo 1<DL i OH • HiOb*fflU WT*»W 1 
fcrafilKLTL I1.0 Nio.30 Mno.30 C oo.« OzTS 

[0068] citi^2) mmmi tmncL-cb&L 

fcNi£Mn£l : 1 ©iiJ-^T^'f SzkUfbl&lO. 0 
67moli, 0. 0 3 3mo 1 ©Tk&fbn/U'hi:, 
0. lmo 1 COL i OH • H 2 0££f¥»U J^TUSS 
M 1 i:|H)^lfC UTL i ,.0 Nio.33 Mno* C 00.33 O2 

[0069] Cit«W3) *»Wlfcra«l«:LT^aL 
fcN i £Mn£5 : 3O*|-&1»^TS3jclMbtt0. 1 
6mol t 0. 0 4mo 1 ©TkSKbn/U'hi:, 0. 
20mol©LiOH-H 2 O fc£ff*U tTFfWJ 
1 £|SMf{;:LTL i u> Nio.so Mno.» C 00.19 O2T 

[0070] amm 4 ) imm 2 t^ l rcm^wnt 

tilt. L i C oOtm*£*£fc£LT$ffim3tftt 

ffljstfts^^fc^vjt-eo. 6:0. 4©»j-&-e#*fi 

L Tg£%*ffi« L fee 
[0 0 7 1] (#%#|1) 0. 1 6mo l<D7j<mfb->y 
$Vl>fc* 0. 0 4mo 1 ©7k^fb37Vl/hi:, 0. 2m 

o i <D7mitvi-vL>£*nmmi tmmzLxM&z 
6 5 o^cth^ti zmm&t&itMk* mm 

□ It, SO 1 8 5 01CO«**t» 1 2^|BBft«U L i 
Nio.so Coo.a, Oi-p*«tl*««ffc**&J«L 

[0 0 7 2] (##002)0. 2 Omo 1 ©*IMb3/< 

0. 20mo lOL iOH-HiO £%fflM 
U VCFfffiW 1 fc^tlt LT L i C o Oz TSStlS 
37WM|y Lfc. 

[0073] ±iB0^sg0>j i~5, tmm i ~4Rt;# 

%0<Jl> 2©^#^fbtl{coi / ^T, CuKo»t«}:§X 

©35H86093, IHSS0IJ5, tt«^lRtfJt«0i2©X 
^Hl^^^-y^H 2 ~0 7 fc^L/co 

[0 0 7 4] 

[Si] 
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15 16 





ffl 5£ 


17~20° 


43~46° 


2 er 


2 9/° 






LiNi o .,jMn ( |,, s Co l) . 70 0 1 


i 
n 


: 18.67 
: 18.83 


I : 44.45 
H : 45. 10 


I : 0. 49 
n : 0.35 




LiNi 01T Mn 1) . t ,Co B . M O l 


i 
n 


: 18.66 
: 18.81 


I : 44. 50 

II : 45. 08 


I : 0. 50 
H : 0. 34 




LiNi 0 . 10 Mii D . M Co 8 . M 0, 


i 
n 


: 18.67 
: 18.82 


I : 44. 53 

II : 45. 07 


I : 0. 53 
n : 0. 34 




I« IN I nMn 0 . n Co D S5 0, 


i 
n 


: 18.67 
: 18.82 


I : 44. 55 

II : 45.04 


I : 0.50 

II : 0. 30 


j I j i r r j — 


LiNi„. t5 Mn 0 . K Co o . M 0, 


I : 
H : 


18.67* 
18. 80* 


I : 44. 57 
E : 45. 00 


I : 0.49 
H : 0.28 


tttsmi 


LiNi 11 . so Mn l ,. M Co 0 . 41p O I 


18. 68 


44.58 


0. 56 




LiNi 0 .sjMn 11!U Co () .„0, 


18.58 


44.38 


0.12 




LINi,. M Mn 0S0 Co ( ,. M O t 


18.62 


44. 32 


0.10 


jt«0S4 


0.6 LiNi 0 . sl Mn fl .s,Co o . I ,0, 
0.4 LiCoO, 


I : 18.60 
0 : 18.86 


I : 44.38 
n : 45.15 


I : 0. 12 
H : 0.10 


##01 1 


LiNi,. M Co pto O, 


18.74 


44. 48 


0. 15 


#*M2 


LiCoO, 


18. 87 


45.17 


0.10 | 



[0075] xmmm%.<Dmm, mmm i~5<Dxm 

fttfl 7° frS2 0° ©■SHrtteHlSfftO^O. 1° 
*»6 0. 3° fc4*2*©@lffe , -***U frOfUSr 
ft#4 3* fr&4 6* ©*Hrtfc@lfTft©M#0. 3° 
frZO. 6° fc£3 2#©[3#Tfc!-?£:frLTW*Co £ 

icm^m&mitmz. vrti&swtto (lini 30 

u-y)/j Mna-y)/2 C o,0^ ftf£U yti3od;-?-0. 
3~0. 4) t^/WhWtVf-VI* (L i C oO*) <D 

a-yw M n o-y)« 
Co,0 2> fc/cU yttfcJ^O. 3~0. 4) &<fctf 
(L ICoOO w-thmt- 

gcf settle 

[0 0 7 6] TcfcU $mmi~5<DXffi.®tfT'*2-> 
<D®1ftntf4 3° ^5>4 6° ©®HF*9{i:^§2*tDlElST 40 

^©ffifctO. 2° «±T?*0, ©cteftgffitf© 

ffiSt L£ o TV> 5 C t tffrfr o fee 
[00 7 7] g:fc, HMiWl~5KfeV^T«^IMt»^ 

(ommv.-wtimimthiimk**:?. e-*&&© 50 



fij^^SfbtTv^feotjissnfeo 
[0078] set, Httff3o«^Sfbttic»u m 
mm^mm csem) T©^«ns^<fct>**^^ 

n-^^nTtv-ff- (EPMA) ■p©7E*^«r 
*fTl/\ ^©Sfc£2«g©iBWS^fc:&£U jg 

[0 0 7 9] JtRfif|l~3©X«@»f/^->tt 
#-ffiO««»it*^LT*D^ laHfffctf 1 7° 30^2 
0° ©fBBftfc<fctf[E]#Tft#4 3° A^4 6° ©IBHrt 

•p** jtRffn 4 Ttt. ±8EiBifflK* n^en 2 *-ro©di 

#rk!-*tf#ftLTV>/c*\ ±12115600© £>©f;:it<T 
[0 0 8 0] ±g£SS0U~5, JttMf9l~4R 

[00 8 1] $fc"*\ /Uy^-tLT©4?U7 •yfblf- 



• ~* * 17 

Ur>2 0H»gPK* N-^f-;l/-2-traUK>*2 
5 OKMfita*., 6 01CfcftlJ»LT#y 

-ifittWLft. C©/W^-J«tK±E««fb 
tofciEffigtoHfc LT 4 5 OHMHin*., Mtc««ld^J 

©»R*JP* 2 0 ^m07;l/5-7A?S©TOci^-fc 

U ^T^BrbT, ¥^1PS 190/im,»54m 

[0 0 8 2] ±E©J:$fcLTfl*L;fcIE*fc, 
"AfgJ:t)%*^(S*fflV\ &*ffifc0HfcWS2 5 /xm 



'5/7-f/l/Afr&4*-fe><U-**E* 
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*-#*-hfcO(*aWti : 3 0S^«»fcL iPF« 
* 1 . Omol/dm' Ottr?ffiil««^Mc»»« 
»8?$fc U lEKSBfflOffMBiOfcftfc y ^7 A©#SB 

[0 0 8 3] ±Clfekr3WI»*fflv^Tl«mtt 

mA/cm ! i:LT, MSTM. 3V£T'?t«^ 

10 SltffifiO. 5 m A/ c m 2 T'ftlLft^O»i§i?: 1 
0 0%fcLT, TOM6tt*l, 2, 4, 6mA/cra ! 

fc±tf;feB#©8«iift* (%) ttra2{c^-r 0 

[0 0 8 4] 
[«2] 





ffl f£ i£ 


t $ % K (mA/cm 2 ) 


0.5 


1 


2 


4 


6 




LiNi 015 Mn,, , s Co 0 . 7a 0, 


100% 


98.4* 


95.5* 


92.0* 


89. 2* 


mm 2 


LtNlg. nMn 0 , 8 Co 0 6S 0, 


100* 


98. 2* 


95.2% 


91.6* 


88. 5* 




LiNi 0 ., 0 Mn 0 .j 0 COo.s 0 0, 


100% 


98. 1* 


95.0* 


91.3* 


88.1* 




LiNi 0 .„Mn 0 ., s Co 0 . 5B 0, 


100* 


98. 0* 


94. 7* 


90.5* 


87. 2* 


mv&ms 


LiNi 0 . 1B Mn Blt Co () . Bt O l 


100* 


98. 0* 


94. 6* 


90.0* 


86. 5* 




LiNi 0 .soMn ( , a Co B . 4t 0, 


100% 


95. 2* 


87.4* 


76.1* 


65.9* 




LiNi 0 . M Mn 0 . as Co l) ., 1 0 t 


100% 


93. 8* 


85.4* 


74. 2* 


65.4* 




LiNi 0 . to Mn a . ao Co OM 0, 


100* 


97.1* 


93.4* 


85.8* 


65.2* 




0.6 LiNi 0 ., s Mn (l .„Co 0 . s ,O f 
0.4 LiCoOj 


100* 


97. 4* 


93.4* 


87.4* 


81.5* 


##M1 


LiNio^Co,.^, 


100* 


96. 0* 


90.8* 


79.4* 


55.6* 



[0 0 8 5] a2ft^W^4«fc3fc, ^88i0<Jl~5 

t>\ tmm i ~ 4 jcjt^Tfc^c ttfit>&*. rn.ffi.mm 

6mA/cm ! WilIjf$^5J:, IffiM 1~3 
#65-66 %T'&So cntt, ###J 1 (DM^mit® 

fcu ^SSff9l~5ti*Sit^S6mA/cm 2 -e«cmLT 
fcflMSIO 8 6 %«±0MH#*;&^Lfco ctUi, 

SSfffl 1 ~ 5 iES?S»K*©3/W h 

cfctffrfrSo LfrU ^86005 i:J±8$!|l fcOitK*> 
3/Wh£#M©Jftta£j:;5fc©T»«:fc<, ±m<DV^ 

[0 0 8 6] LiNioo Mno.o C Oob O* 

mv?Vl* (##M2) ££g£S#fclti&M4©*m 



[0 0 8 7] 

[fPJOS&JH] tt±S4HB L fe J: 3 fc, IfflSttlK t L 
T> N i RUM n * 3 y ^7 ASteltfbftUGfrf * 
fflftS*. BuEy^7A1i^il{ktlS?©affifcn/VI/ 

40 a? tc * o nmn&v y ^7 AStetHMMfr? j&khbk- 

[Bffi©ffi¥&3ti)§] 

[01] *RWOiEffiS«lH*«J« , rsa^tt?0«Ba: 

[02] *«SiW3©tl#»fb»OX«lBlSf/<*->*^ 

[03] *W«f05Ot8^ttfb%©X*lHl«r^*-y*^ 
50 -r0T'SS o 
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im 4 ] imm i om^mimcoxmrnm^-y^ * m£ffitM<D®#r%tf 1 7 ° z o • commoxmrn 
m 5 ] \mm 2 om^mimoxmmm^^-y^ m 7 ] uss^i 3 , mmm 5 , imm 1 &tfj±8$ij 2 © 
[0 e ] iTOj 3 , mmm 5 , it^j 1 mimm 2<d* ^^-y^tmx^. 
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#P 2003-2291 28 (P2003-229128A) 
[^IBBl ¥fiSU5f£8J3 15 B (2003.8.15) 

ft BS2002-28696(P2002-28696) 

im&mgfftmm 7 Kg] 

HO 1 M 4/58 

HO 1M 4/02 

H 0 1 M 10/40 
[ F I ] 

HO 1M 4/58 

HO 1M 4/02 C 

HO 1M 10/40 Z 

[MttiB] ¥/£l7*Pl^ 13B (2005.1.13) 

i^mm ie 1 ] 

C«jE»**B*1 few©** 
l^WiffilE 2 ] 

CfS*« 1 ] 
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